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ABSTRACT 

Two Trailblazer II rockets were launched on 24 November 1970 and 

28 July 1972 from NASA  rocket test facility at Wallops Island,   Virginia,   to 

study the properties of the shock-ionized flow field and its effects on micro- 

wave radiation.     Description of the apparatus  carried by the two vehicles is 

presented in this  report.     The instrumentation to measure the flow field 

during reentry included such diagnostic sensors as electrostatic probes,   strip- 

line probe and a conductivity probe.     S-band microwave systems were em- 

ployed to determine plasma effects on antennas.     The measurements included 

phase and magnitude of the reflection coefficient,   variations in mutual coupling 

between two on board antennas and transmitted signal attenuation.     A pulsed 

liquid injection apparatus was used to perform a plasma alleviation experiment. 

Performance of the instrumentation and general results obtained from unpro- 

cessed data are discussed. 

in I: 
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INTRODUCTION 

During hypervelocity flight through the earth's atmosphere any aero- 

space vehicle is enveloped by a shock-ionized flow field.     This so called 

plasma sheath plays an important role in determining.„the quality of commun- 
1-7 ications between the vehicle and a ground station. Typically a complete 

blackout of communications occurs when the electron concentration in the 

plasma sheath near an antenna reaches or exceeds a certain critical number 

which is proportional to the square of the radio frequency used.     Based on 

this criterion two obvious means may be employed to penetrate the plasma 

sheath around the vehicle.     One possible way is to operate the  communication 

link at frequencies which exceed the plasma frequency.     The other possibility 

is to lower the plasma electron concentration through various plasma mod- 

ification techniques.     Before these or any other possible plasma alleviation 

techniques can be successfully applied an accurate definition of the expected 

plasma electron concentrations and their effects on the vehicle antennas trust 

be known. 

For this reason a series of experiments were instrumented and flown 

on Trailblazer II  reentry vehicles.     The objectives of the experiments were 

to perform  direct measurements of  the electron concentration in the  plasma, 

to determine its effects upon the operation of the antennas,   to compare the 

existing flow field models with actual flight results,   and to test new  plasma 

diagnostic devices and alleviation techniques.     This report describes the 

instrumentation of two Trailblazer II  rockets AD21.862 and A21. 011-1 

launched from NASA Wallops Island   rocket test facility on 24 November  1970 

and 28 July  1972  respectively. 

The instrumentations included S-band systems to measure the  reflection 

coefficients of antennas,   to determine  the phase of the  reflected waves and to 

measure the mutual coupling between two on board antennas.     Flush mounted 

electrostatic probes with fixed and variable bias voltages measured the electron 

density at various positions tlong the nose cone.     Other diagnostic devices 

flown included a  stripline probe,   a conductivity probe and a liquid injection 

system  to perform a plasma alleviation experiment.     Both flights were equipped 

with PAM/FM/FM S-band telemetry systems. 

Numbered superscripts refer to the  references  in the  Bibliography. 
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CHAPTER  1 

TRAILBLAZER II INSTRUMENTATION 

A.     VEHICLE AND NOSE CONE 

The instrumentation was carried aboard a Trailblazer II vehicle sim- 

ilar to that shown in Fig.   1.     This vehicle consists of four solid-propellent 

rockets and is capable of high reentry velocities.     The first two stages of the 

Trailblazer are used to achieve an apogee of about 200 miles.     During the 

ascending phase of the flight the third stage, motor and the nose cone which 

contains not only the instrumentation but also the fourth stage of the rocket 

are enclosed in a protective structural shell and are facing down.     This whole 

subassembly of the vehicle represents the so called "velocity package".     Rex- 

olite windows are provided in the protective shell to allow for a continuous 

monitoring of the telemetry and the test signals during ascent.     The windows 

are located opposite all five transmitting antennas of the nose cone. 

Shortly after lift-off the canted fins of the second stage motor induce a 

spin to stabilize the vehicle at an approximate angle of 68 degrees for the en- 

tire flight.     At an altitude of 255, 000 ft,   the velocity package separates from 

the burnt-out second stage motor and continues to coast up.     After the apo- 

gee,   when the velocity package begins its descent,   the third stage motor ig- 

nites and propels   the nose cone out of the open end of the protective shell. 

The final thrust is provided by the fourth stage spherical motor.     The nose 

cone containing the instrumentation and the spent fourth stage motor  reenters 

the earth's atmosphere at a velocity of 17,500 ft.   per second,   while spinning 

at  12 revolutions per second.     Nominal trajectory,   staging and reentry vel- 

ocity characteristics for a Trailblazer II  rocket carrying a 70 pound nose 

cone are shown in Fig. 's 2 and 3. 

The  reentry vehicle is a blunt cone consisting of a 6. 33 in.   radius 

hemispherical nose cap and a nine degree half angle conical afterbody.     The 

overall  length of the nose cone measured along the center line is 26. 47 in. 

and the diameter of the base is  19.17 in.     The skin of the vehicle is fab- 

ricated entirely of aluminum and no ablative materials are used.     Also to 

minimize the contamination of the plasma by foreign matter,   the nose cone 

is cleaned with alcohol just before it is inserted into the velocity package. 

A photograph of the AD21.862 reentry vehicle is shown in Fig.   4.     Antenna 

and probe locations for the AD21.862 and the A21. 011-1  vehicles are tab- 

ulated in Tables I and II respectively.     They are expressed as ratios of the 
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distance S from the nose cap center point,  measured along the surface of the 

vehicle,   and the radius R of the nose cap.     The angles are referenced to an 

arbitrary zero at the top dead center (TDC) of the rocket and are measured 

counter-clockwise looking into the tip of the nose cone.     A general layout of 

the equipment and the fourth stage spherical motor housed within the reentry 

vehicle is shown in Fig.   5. 

Part of the instrumentation was mounted on two places i:> the forward 

section of the vehicle.     Other equipment was installed in a number of tapered 

boxes on the inner surface of the nose cone  (Fig. 's 6 and 7).     It should be 

noted that the mechanical design and the required machine work was supplied 

by AFCRL. 

Some of the instruments carried on the two flights were either alike 

or differed only slightly from each other.     Therefore after a brief general 

outline of the instrumentation used in each flight,   a more detailed description, 

without flight designation,   will be given to each instrument. 

B,     AD21.862  PAYLQAD 

Each payload could be considered to consist of two major instrument- 

ation systems.     One system included the plasma test and diagnostic apparatus, 

while the other consisted of the telemetry link,   body motion and temperature 

sensors.     Both systems were controlled and operated as  completely separate 

entities with their own power sources.     Each power source was a 27 volt, 

one ampere-hour battery able to supply one system for approximately 30 min- 

utes.     External power was used during countdown. 

The instrumentation of the  AD21.862 rocket included two S-band re- 

flectometers.     One measured the  reflection coefficient of the test antenna 

while the other monitored the behavior of one of the lour telemetry antennas. 

The test and the telemetry antennas were of the same basic design.     They 

were boron-nitride filed,   cavity-backed,   slot antennas differing only in the 

dimensions necessary to accommodate the test frequency of 2290,5 MHz and 

the telemetry frequency of 2220.5 Mite.     Figure 8 shows the main components 

and the dimensions of the test antenna. 

In addition,   a measurement of mutual coupling between two on board 

antennas was made.     The two antennas were the test transmitting antenna and 

the receiving antenna located at S/R  =   1.84 and S/R  =  2.30 respectively. 

The free space coupling between these t«/o antennas was approximately 

•14.6 dB. 

Four flush mounted electrostatic probes were flown.     Two of the 
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probes had a fixed bias voltage.    One of these was located at the center of 

the nose cap (S/R = 0) and was biased at -15 volts to collect the positive ion 

saturation current.     The other probe biased at +15 volts was located at S/R = 

2. 58 for a direct measurement of electron density in the plasma.     The two 

variable bias probes located at S/R  =  .475 and S/R  = 2.58 were sequentially 

stepped from  -5 to -15 to -30 volts at a rate of 300 times per second. 

One  stripline probe and a conductivity probe were also included in the 

diagnostic instrumentation of the AD21.862 vehicle.     The conductivity probe 

and four of the temperature sensors described in a latter part of this section 

were produced,   installed,   and serviced exclusively by another contractor. 

Only the power for the system and the required telemetry channels were pro- 

vided by Northeastern University.     Also,   except for a brief examination of the 

telemetry "quick-look" data,   no effort was expended by this laboratory to ex- 

tract the probable very low level signal,   if any,   from the telemetry records. 

Therefore no further discussion of the experiment will be presented in this 

report.     Description of the system and the flight results may be found in 

references 8 and 9. 
To monitor the flight events two accelerometers were installed into the 

payload.     A ± 50 G accelerometer monitored the rocket motor firing times and 

performance,   while a ±5G accelerometer recorded the payload deceleration 

history at ihe beginning of the reentry period.     This information was neces- 

sary for the plasma alleviation experiment in A21. 011-1  flight.     Also included 

were six temperature sensors.     Two of the sensors were intended to monitor 

the instrumentation temperature during countdown as well as during the flight. 

One monitored the temperature of the base plate on which the transmitters 

were mounted,   while the other measured the temperature of the inner surface 

of the nose cap.     Four other thermocouples were flown as part of the con- 

ductivity experiment.     These measured the temperature of the conductivity 

probe,   the skin temperature at the conductivity probe (S/R       1.84),   the skin 

temperature of the nose cap (S/R  -  .475) and the temperature of an inactive 

electrostatic probe in the nose cap (S/R  -   .475). 

The gathered data was transmitted through a standard  PAM/FM/FM 

S-band telemetry system.     Four telemetry antennas were located at S/R  - 

4.35 equally spaced around the  reentry vehicle.     The block diagram of the 

instrumentation is given in Fig.   9. 

C.     A21.0U-1   PAYLOAD 

In addition to the  refiectometers and the antenna coupling measuring 



apparatus carried by the AD 21.862 vehicle,   the A21. 011-1  instrumentation 

included a four probe electric field sampling unit to measure the phase vari- 

ation of the reflected wave.     The test transmitting and receiving antennas 

were located at S/R  =  2.09 and S/R  =  2.71  respectively and had a free space 

coupling of  15. 5 dB. 

A liquid injection system to perform a plasma alleviation experiment 

was also included in the payload.     The fluid Freon 114B2 was injected through 

flush mounted nozzles located just above the transmitting test antenna at S/R = 

1.77.     Six electrostatic probes measured the changes in electron density and 

the positive ion saturation current.     Two variable bias probes,   one with a 

positive bias voltage and one with a negative bias voltage were located be- 

tween the transmitting and the receiving test antennas at S/R   -  2.4.     The 

bias levels were switched from  5 to  15 to 30 volts at the rate of 300 times 

per second.     Two other electrostatic probes with a +15 volt bias were located 

near the telemetry antennas (S/R  =  4.41).     One was placed in a direct line 

with the injection nozzles  (9 - 52. 5  ) and the other probe was  displaced  by 90 
o (9 - 142. 5  ) in the direction of the spin of the nose cone during reentry.     The 

remaining two fixed bias probes which measured the electron  density and the 

positive ion saturation current were  located at S/R   -   2.4,   c = 7.5    and S/R   = 

1.77,   6 = 322.5° respectively. 

To obtain motor firing times and vehicle acceleration during the thrust- 

ing periods one +50G accelerometer was included in the  payload.     Since  past 

experience had shown that the payload temperature did not change significantly 

during the flight the temperature of the instrumentation was monitored only 

during the  countdown.     A S-band  PAM/FM/FM  telemetry system  was  used for 

data transmission.     A  block diagram  of the  instrumentation  is  shown in  Fig. 

10. 



CHAPTER II 

S-BAND MEASUREMENTS 

A.     REFLECTOMETER 

The block diagram in Fig.   11 describes the S-band experiment.     The 

test transmitter operated at 2290, 5 MHz producing approximately 3. 5 watts at 

its output terminal.    Insertion losses of other microwave components and of 

the semirigid 0.141 in.   cable connecting the transmitter to the antenna re- 

duced the radiated power to slightly below  2.5 watts.     The use of this rel- 

atively high power transmitter,   instead of just a low power oscillator to per- 

form reflectometer measurements,   allowed the  ground receiving stations to 

obtain additional information about the signal attenuation and the antenna pat- 

tern distortion. 

The combination of a directional coupler and a circulator,   instead of 

the usual dual directional coupler configuration,   was used to perform  the  re- 

flectometer measurements.     This configuration provided isolation for the 

transmitter,   reduced the size of the system and reduced the  required sampling 

rate of the incident power monitor.     The components of the  reflectometer 

were standard submlniature state of the art devices.     Some of the operating 

characteristics of these devices were far from  ideal for this application,   but 

a compromise in the cnoice had to be made between performance and the size 

of the component.     The nominal directivity of the directional coupler was 

20 dB.     This figure was enhanced by an additional 20 dB isolation provided by 

the circulator.     Therefore the output of the directional coupler was largely 

independent of the  reflected signal.     The circulator provided approximately 

23 dB isolation between the input terminal and the third terminal at which the 

reflected power detector was located.     This output port was terminated by a 

20 dB attenuator with an input VSWR of 1. 1  followed by an untuned miniature 

detector mount.     All detector crystals used in the S-band experiment were 

operated at power levels well above their square law  region.     Therefore each 

detector was calibrated as an integral part of the operational system over the 

expected power range. 
The maximum error in the measurement of the  voltage  reflection co- 

efficient due to the limited isolation is shown in Fig.   12.     This error may be 

introduced by the variation of ths detected signal levels  resulting from the in- 

phase and out-of-phase conditions of the incident and the reflected signal com- 

ponents appearing at the third port of the circulator. The two extremes of 
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the output voltage at that port may be represented by 

Vo = rvVI±VI10"D/2° 

where V. is the incident signal,   r   the reflection coefficient at the circulator 

output terminal (port 2) and D is the effective isolation expressed in dB be- 

tween ports  1 and 3.     Therefore the first term in the equation represents the 

desired reflected signal and the second term represents the unwanted portion 

of the incident signal which appears because of the finite isolation provided 

by the circulator.     The measured voltage reflection coefficient P    may be ex- 

pressed as 

r-    =  _° ,   r   ±io"D/2° 1 v V. v    L 

and the magnitude of the percent error is given by 

-D/20      1 10 100 

The error in the measured power reflection coefficient may be ex- 
pressed as 

10-D/10
+2. 10-D/20   ^ 

P 
En 100 

where  r    represents the actual power reflection coefficient at the output ter- 

minal of the  circulator.     The error becomes quite  large as the  reflection co- 

efficient decreases.     Therefore at low  reflected power levels it is advantageous 

to obtain  the  reflection coefficient through the four-probe field meter technique 

described in  the following section of this  report. 

A  similar reflectometer arrangement was used to measure the  reflec- 

tion coefficient of one of the telemetry antennas.     A more detailed description 

of the reflectometer may be feund in the section describing the telemetry 

systems. 

B-     Ml'LTIPBOBE FIELD METEH 

A  multiprobe stripline field meter was used to measure the test an- 

tenna impedance during the flight and reentry periods.     The requirements of 

being small,   very rugged,   and easy to manufacture led to the selection of a 

.mammtmmmmm 



stripline device.     Fast response time was also a necessity because of the 

rapid impedance changes caused by reentry plasma fluctuations. 

The device was manufactured from two sheets of double copper clad 

teflon filled stripline board that were etched to form a 50 ohm transmission 

line and four equally spaced probes (Fig.   13).     The probes were loosely 

coupled (23 dB) to the transmission line in a manner similar to that of a slot- 

ted line. Since only a single frequency (2290. 5 MHz) was used the probe 

spacing was chosen to be one eighth of a wavelength to obtain maximum  sen- 
12 

sitivity. The boards were designed with quarter wave shorting stubs and 

provisions for Schottky barrier detector diodes.     These stubs provided the dc 

return path for the detector diodes while presenting an open circuit to the sig- 

nal.     Each detector output was followed by a signal conditioning circuit (Fig. 

14) that interfaced  the signal with the telemetry system input.     The probes 

were calibrated by sequentially locating the peak of a standing wave at each 

probe with a sliding short and then varying the incident power with a variable 

attenuator. 

Only three probes are necessary to obtain  the  information  for imped- 

ance  calculations.     The fourth probe was introduced  to give  redundancy in  the 

information and to act as a spare  in  case one  probe or its  associated elec- 

tronics  should fail.     Also,   having four  probes  allows  impedance measurements 

to be  made four different ways by using three  probe outputs at a  time. 

As a matter of convenience a  reference  point was  chosen at which the 

impedance would be measured.     The  point  chosen was  the end of the  stripline 

where the antenna cable was  connected.    The free-space  impedance of  the 

antenna was  measured from  this   reference  point,   with  the  flight  cable 

connected to the antenna.     Choosing this  reference  point eliminated the  need 

to know  the exact length of the antenna  cable and its associated connectors. 

The  impedance at  the  reference  point  can  be  calculated several ways 

two of which will be discussed here.     The first three probe outputs will be 

considered initially,   resulting in equations  that are applicable to the  remaining 

three sets of t:robes.      Let V.  be  the incident  voltage on the  transmission  line 

and V    the  standing wave  voltage at the nth probe.     If  „- and  ^ are the  mag- 

nitude and angle of the  reflection  coefficient  "' of the antenna as seen from  the 

reference point,   then 

13 
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where cp    is the phase shift corresponding to the distance from nth probe to 

the  reference point.     Since the probe has a peak detector and it is calibrated 

in terms of transmission line power,   equation (2) may be written as 

(3) Vn
2 = 1 + p2 + 2pcos (G - 2cpn) 

where  P   is the standing wave effective power at the nth port.     Equation (3) 

written for probes  n=l, 2, 3 will result in three simultaneous equations contain- 

ing three unknowns.     Of the three unknowns,   0, 

of interest for impedance measurements are  9 and  p. 

results in the following: 

and V. ,   the  two that are 

Solving the equations 

where 

and 

(4) 

C, 32 cos 

9 r arctan 

- ^3 - cos 2cr2 

C,„ - cos 2cp.  ~ cos 9. 
"+3 

c 

S, 

2]      cos 2:^2 " cos 2-r 

sin 2p„ 
32 

13 

'21 

.4.3 

sin sin 27. 

sin 2-|2  - sin 24-j 

(5) 

J 
4P 

PC       + P C      + P c 1 1   .32      h2V13      * 3^ 21 
P1S32   + P2S13   f P3S21 

1/2 

(PC       +  P  C       *  P  C     )"   t   (P S       *   I*  S       ♦   p  S     )' 
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P.  is  the  incident  power in  the  transmission  line and  is a  known constant       It 

should  be  pointed out that   P. could be determined fron'   the  probe outputs  hv 

solving equations (3) for V."  but  since   P   is already known,   this would sin ply 

lead to another source of error. 

Equations (4) and (5) are cumliersome for hand calculations but are 

well suited for computer reduction of the impedance information.     A  second 

method of deriving equations for  c and  9  results in much sin1 pier equations 

that are suitable for hand reduction of information.     The derivation starts  in 

a manner similar to the one previously described.     Trigonometrically 

manipulating the three simultaneous equations for the three probes that are 

spaced one eighth of a wavelength apart  results in equation (*»). 
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(6) 9 = arctan 
-Pi + P3 

Pl + P3 " 2P2 
qpp 

The arctan function gives the phase angle at the center probe being considered 

and cpp  refers this angle to the reference  point previously established.     Since 

the arctan is a discontinuous function,   cp„ must compensate at the discon- 

tinuities to result in a continuous  9 function.     A  simplified equation for  p 

will result if simultaneous equations are written for all four probes. 

(V 0 "   TF     <P1 -P3)2 + <P2 - P4>2 

1/2 

With this equation all four probes are required but the position of the probes 

with respect to the load is not needed.     The disadvantages of these simpler 

equations are that the  9 calculation must have a correction factor   ry. and the 
n 

p calculation requires all four probes,   eliminating the benefit of redundancy. 

The quantities  p and fi can now be calculated three more times,   thus 

using all four probe outputs three at a time.     If the resulting four 6's and 

four  o's agree within acceptable  limits,   the measurements may be assumed 

to be reasonably accurate.     If it is desired,   the four respective calculations 

may be averaged for greater accuracy. 

The  system accuracy was determined in the laboratory by terminating the 

reflectometer with several known loads connected through a line stretcher. 

The line stretcher was moved by equal increments corresponding to equal 

changes in phase.     The measured  8 and  p were then calculated and compared 

with the known shifts in phase and the magnitudes of the different reflection 

coefficients of the known loads.     The resulting errors in  9 and  p are plotted 

versus  p of the known load in Figures  15 and  16.     As can be seen,   the error 

in  9 increases as the known  p decreases while  the measured error in  Q in- 

creases as the known  p increases. 

c-     MUTUAL COUPLING 

The mutual coupling between the two test antennas was measured 

simply by detecting the  received signal.     The measured result included the 

signal strength variations due to  reflections taking place at the transmitting 

antenna as well as the signal variations due to changes in mutual coupling. 

The separation of the two effects had to be accomplished during the data  re- 

duction process on the ground. 

At first it was assumed that the coupled power would not change by 
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more than 25 dB during the experiment.     Therefore,   in order to observe the 

variations in mutual coupling with a reasonable degree of resolution,   the to- 

tal expected signal range was divided and transmitted over two separate 

telemetry channels.     The detected signal was processed by two cascaded op- 

erational amplifiers.     The output of the first amplifier supplied the data 

during the reentry interval when the strength of the  coupled signal was rela- 

tively large.     At that time the second amplifier was saturated and its output 

was clipped at five volts.     When the coupled signal decreased to a low level 

the output of the second amplifier provided the  data.     The results of the 

AD21.862 flight showed that the dynamic  range of the signal amplifiers was 

insufficient.     Eventually during the  reentry the coupled signal decreased to 

such low levels that any meanirgful recovery of the data,   even from  the high 

gain amplifier was impossible.     Since good data were obtained at the beginning 

of the reentry period,   when the coupled signal was relatively large,   it was 

decided to increase the  dynamic range of the  signal conditioning circuits and 

to emphasize the data  resolution only at  the  lower signal  levels.     The  dynamic 

range of the  signal amplifier for the A21. 011-1  flight was  set at 35 dB and 

only one telemetry channel was used for data  transmission.     The  signal con- 

ditioning circuit is  shown in  Fig,   17.     In this configuration the detected micro- 

wave signal (current) was passed through a silicon signal diode  for which an 

operational amplifier provided a  low  impedance  return.     The  dc circuit was 

completed through the impedance of the f> dB microwave attenuator used to 

reduce the coupled power into the crystal detector to a safe opera'ing level. 

The unity gain follower with the forward biased diode at its non-inverting input 

provided the temperature  compensation.     Signal amplification as well as offset 

control was obtained from the output stage. 
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CHAPTER III 

PROBES 

A-     FIXED BIAS ELECTROSTATIC  PROBES 

Flush mounted electrostatic probes were flown on the Trailblazer's reentry 
14 nose  cone to obtain plasma density information.        Each probe consisted of a 0. 25 

inch diameter gold-plated copper electrode insulated from the vehicle by a cylin- 

drical lava dielectric (Fig.  18).    The probes were provided with either positive or 

negative voltage bias.    The positive bias probes collected electrons and the negative 

bias probes collected positively charged ions.    Some probes had a fixed bias (+15V 

or -15V) while others had a switchable bias (5, 15, 30V or -5, -15, -30V) which was 

stepped sequentially through the voltage levels to provide probe saturation current 

information at different flow field depths.    The bias levels were switched 300 times 

per second,  providing 10 samples at each bias level for every revolution of the ve- 

hicle about its center axis.    This sampling rate was more than adequate to recon- 

struct the signal and was compatible with the standard IRIG 10 x 30 commutator 

format which will be discussed later in the report.    Figure 19 shows a flight pack- 

age using cordwood construction containing the electronics for both a fixed and a 

variable bias   electrostatic  probe. 

The fixed bias electrostatic  probes are much  simpler  in design than 

those of variable bias.     A  block diagram  of an electron  collecting fixed bias 

probe is shown in Fig.   20.     Each probe contains a single transformer dc-dc 

converter with a  nominal 27 Vdc  input.     Two output windings  supply power to 

a  ±15V voltage regulator which is  used to run  the circuitry.     A   15V floating 

regulator  is powered by a third  isolated winding.     The floating regulator  is 

used to provide the  probe  bias and  is current  limited to three times  the nas- 

imum expected probe current. 

The expected probe  currents  vary over many decades  during the  time 

of reentry,   making a linear measuring system unfeasible.     The probe cur- 

rents are therefore measured by logarithmic amplifiers to provide good low- 

level  sensitivity and a wide  dynamic  range,     A  log amplifier circuit for an 

electron collecting probe is shown in Fig.   21.     A  common signal diode acts 

as the necessary logarithmic element,   producing a  voltage proportional to the 

log of the  current  passing through it.     The  diode is followed by an operation- 

al amplifier provided with temperature compensation circuitry.     The input 

diode logarithmic characteristic for any particular current is temperature 

dependent both in magnitude and slope.     To compensate for the magnitude 
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shift another diode similar to that of the input is biased with a constant current 

followed by an isolation operational amplifier with near unity gain.    To compensate 

for change in slope of the diode characteristic, a thermistor-resistor series-shunt 

combination is introduced into the feedback circuit.    The result of temperature 

compensation and the logarithmic nature of the amplifier can be seen in Fig. 22 

which shows a typical calibration curve which is valid over the range of 70°F to 

150 F.    As can be see.i, f( ur decades of input current can easily be achieved. 

The log amplifier is followed by an output amplifier that provides the 

necessary gain and dc offset to meet the telemetry system  input requirements. 

A  calibration circuit is  introduced to calibrate and confirm operation of the 

probes during payload testing and prior to the launch.     The calibrator is a 

transistor which when remotely activated places a resistor across the probe, 

causing a predetermined current to flow. 

A  coaxial cable is used to connect the probe in the skin to the probe 

electronics inside the payload.     The center conductor of the coaxial  cable is 

connected directly to the input diode and the shield is grounded at the diode 

with the other end left open.     This shielding is especially important at low 

current levels when the  input diode impedance is  very high.     The  coaxial 

cable increases the effective  shunt  capacitance of the  diode and thereby re- 

duces the low end frequency response of the  system.     Nevertheless,   wHh the 

fixed bias  probes the transient and frequency response of the  system  are 

found to be more than adequate. 

The positive ion probes differ from  the electron collecting probes  in 

several ways.     The bias  supply polarity  is reversed and the diodes of the  log 

amplifier are inverted.     The calibrator transistor is  replaced with a  comp- 

lementary transistor to accommodate the  change  in bias  polarity.     Also,   a 

non-inverting output amplifier must be  used. 

B •     VARIABLE   BIAS ELECTROSTATIC   PRO BUS 

The variable bias electrostatic probes are considerably more complex 

than those  having fixed bias.     A  block diagram of a  positive ion rollectine 

variable  bias  probe is shown in Fig.   2'A,     Each switchable  probe  contains a 

two transformer dc-dc converter with a nomin'.l  si Vdc  input.     Four of the 

output windings power two ila voltage regulators that run the  floating and 

non-floating circuitry.     A fifth and  sixth windings supply power 10 the switch- 

able oias and logic regulators.     The switchable bias regulator is current  lim- 

ited to three times the maximum expected probe current. 

The probe currents are measured by logariuimic amplifiers similar to 
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those used in the fixed bias probes.     The probes that are expected to measure 

very low currents (below 10    A) require FET input operational amplifiers having 

very low bias currents.   In contrast to the fixed bias probes the variable bias prtbes 

float the log amplifier upon the switchable probe bias supply.   If this were not done 

the rather large capacitance between the switchable supply transformer windings 

and the other windings would allow switching transients to dominate the input diode 

at low current levels.    By floating the log amplifier the switching transients are 

minimized.   Furthermore, at very low current levels the input diode becomes re- 

versed biased from transition of the switchable voltage regulator from the 30V to 

the 5V level.    Under this condition the diode impedance is very high and recovery 

of the diode to steady state is slow.    To speed up recovery a steady state restoration 

circuit (Fig.  24) is introduced.    This circuit contains a pulse transformer whose 

primary winding is connected across the switchable bias supply.    During the 30V to 

5V bias transition the transformer pulses on a p-channel enhancement 

MOSFET and places a resistor across the probe.     The diode recovers quickly 

when shunted with this low impedance and upon removing the resistor the log 

amplifier is  ready for current measurement.     The same transistor and resis- 

tor  are also used to calibrate the probe. 

To minimize noise pickup coaxial cable is used to connect the probe at 

the skin to the electronics.     The center conductor of the  coaxial cable is 

connected directly to the input diode and the shield is tied to the switchable 

bias supply.     Floating the shield in this manner minimizes the switchable 

supply transient effects by maintaining the coaxial center conductor to shield 

voltage  relatively constant.     The coaxial cable increases the effective shunt 

capacitance of the probe but the low level frequency response of the system 

remains more than adequate. 

The switchable bias supplies use a i_tA723 monolithic voltage  regulators. 

Schematics for both positive (electron collecting probe) and negative (positive 

ion collecting probe) voltage switchable regulators are shown in Fig. 's 25 and 

2<\ respectively.     The regulator is provided with two transistor switches that 

are activated by the control logic.     These switches control feedback resistors 

that determine the magnitude of the regulator output voltage.     If no control 

voltages are applied the regulated output is 5 volts.     When either of the two 

appropriate control voltages is applied,   the corresponding regulator output will 

be 15 or 30 volts.     By properly sequencing the control voltages the switchable 

voltage regulator is stepped from 5 volts to 15 volts to 30 volts. 

The output of the log amplifier,   now superimposed upon the switching 

bias level,   is followed by a unity gain isolation amplifier and a common mode 

rejection cire tit  (Fig.   27).     This circuit consists of two temperature stable 
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resistor dividers followed by an operational amplifier.     The divider ratios 

are selected to provide both inputs with equal gains and to bring the voltage 

levels within the common mode range of the operational amplifiers.     The out- 

put of the common mode rejection circuit is the log amplifier data output for 

a sequentially stepped bias probe.    In order to relate the data to the proper 

bias levels and to minimize telemetry channel space a simulated commutator 

is used. 

The simulated commutator has a standard RZ 10 x 30 IRIG format as 

described later in the report.     A diagram of the commutator system is shown 

in Fig.   29.     The clock (Fig.   28) is a temperature compensated unijunction 

oscillator producing 600 pulses per second.     The format control logic is a 

divide 60 counter with peripheral gates and a divide by three counter that 

produce the synchronized gate and switchable bias supply control signals. 

Standard TTL SN5400 integrated circuits are used.     Outputs T-15 and T-30 

control the switchable voltage regulator while outputs Yl,   Y2,   Y3,   and Y4 

control the output gates.     VR1  (1.25 volts) and VR2 (5.00 volts) are the ref- 

erence voltages used to produce the zero data (1.00 volts) and full scale (5.00 

volts) reference voltages.     Four n-channel FET gates and drivers are used to 

time multiplex the data,   reference,   and sync pulses and provide return to 

zero intervals.     The gates are followed by a precision network and a gain of 

two amplifier.     The gate control waveforms Yl,   Y2,   Y3,   and Y4 are shown 

in Fig.   30 along with a typical system output and the corresponding bias 

levels. 

When gates SI  and S4 are closed the two reference voltages cause 5.00 

volts to appear at the system output.     This voltage is used in the sync and 

full scale reference pulses.     Any time gate S4 opens the amplifier input is 

grounded and the return to ?ero interval is obtained.     This interval occurs 

during the first half of the bias level period to allow settling time before the 

sample is made.     When gates S3 and S4 are closed the zero scale reference 

voltage is obtained.     Finally,   the data appears at the system output when 

gates SI  and S4 are closed.     The system output is now in a commutator for- 

mat which may be transmitted on one telemetry channel and decommutated on 

the ground. 

On flight A21.011-1 a three data channel PAM RZ  10x30 IRIG format 

simulated commutator was flown to conserve available telemetry channels. 

The commutator is similar to that used in the variable bias electrostatic- 

probes and therefore will not be discussed any further.     The three available 

data channels were used to monitor the two electron collecting probes at 

S/R =4.4 and the telemetry incident power. 
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C.     STRIPLINE PROBE 

The stripline probe (Fig.   31) was included in the AD21.862 flight to 

observe the effects of the plasma sheath on the parameters of the probe and 

to compare the results with laboratory observations.     The probe,   a modifica- 
15 The tion of a microstrip line,   was a lossy feedthrough transmission line 

resistance strip,   4 in.   long,   0.5 in.   wide and. 0315 in.   deep was backed by a 

5x1  x 0. 5 in.   cavity filled with 14 lb/ft    density Eccofoam.     The surface 

facing the plasma was covered by a     125 in.   layer of boron nitride dielectric 

material.     Two coaxial connectors provided access through the cavity to both 

ends of the resistive strip. 

Although a nonradiating device in itself,   the stripline possesses some 

fringing fields v nich extend beyond the   . >vity.     This makes the stripline 

characteristics sensitive to any conducting surface,   such as a plasma shea'.h, 

placed near the open side of the line.     The main effect of the conducting sur- 

face is to add capacitance in parallel with the already present capacitance 

which exists between the resistive strip and the walls of the cavity.     This 

added capacitance changes the characteristic impedance of the line and thus 

the attenuation and the reflection coefficient.     As a conducting surface nears 

the stripline,   the characteristic impedance of the line decreases,   while the 

attenuation of the transmitted signal increases.     This behavior of the line may 

be predicted and the expected changes in its transmission characteristics cal- 

culated from the transmission line equations. 

The block diagram in Fig.   32 describes the stripline instrumentation 

which resembles the S-band experiment arrangement described in the preced- 

ing section of this  report.     Incident,   reilected and the transmitted power 

through the stripline probe were measured.     Under free space conditions the 

probe exhibited a reflection coefficient of 0.6 and an insertion loss of  17.5 

dB.     The expected range of variation for these two parameters during the 

flight was established by moving a curved metal  sheath from  a distance of a 

few  centimeters until it touched the surface of the probe.     The insertion loss 

increased monotonically from the free space value to 27.8 dB and the reflec- 

tion coefficient decreased to 0.4.     These values were used as the design 

limits for the detector and the signal conditioning circuits. 

The power to the stripline was supplied by a  400 MHz oscillator pro- 

ducing approximately  11  milliwatts.     A subminiature lumped parameter direc- 

tional  coupler monitored the incident power.     Reflected power was measured 

with a narrow band lumped parameter circulator terminated by a matched 

crystal detector.     The same circulator also provided the required isolation 
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for the microwave oscillator.     A  solid state microwave amplifier interposed 

between the output of the stripline probe and the detector mount boosted the 

transmitted and greatly attenuated signal by 10 dB.     Semirigid 0.141 and 0.085 

inch cables were used    to interconnect the various components of the stripline 

system.     The detector mount was produced from  a single block of metal and 

included not only the three crystal detectors but also impedance matching 

resistors as well as three additional diodes for temperature compensation of 

the signal conditioning circuits. 

A diagram of the signal amplifiers is shown in Fig.   33.     The output 

stage of the circuits provided the required gain and the offset voltage to accom- 

modate the expected signal range from each of the three detectors.     The other 

operational amplifier with a forward biased diode (from the detector mount) at 

its non-inverting input terminal was used for temperature compensation. 

Matching of the diode temperature characteristics to the individual circuit 

requirements was accomplished by adjusting the diode bias current and the 

gain of the compensating amplifier. 
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CHAPTER IV 

INJECTION SYSTEM 

The alleviation experiment was designed to reduce the plasma electron 

density in the vicinity of the test antennas by injecting small quantities of 

electrophilic    liquid.16"18   Freon  114B2, a relatively dense (2. 175 g/cm3) 

liquid with a low boiling point (47. 3   C) and an excellent drop forming ability 

was chosen as the alleviant.     The function of the injection system was to in- 

troduce pulses of Freon into the shock-ionized flow field while crying to main- 

tain a somewhat constant mass ratio between the ionized air flowing over the 

antennas and the alleviant.     Since the experiment was to be performed over 

300,000 to  100,000 ft.   region where the pressure and consequently the air 

mass flowing over the antennas varies considerably,   two different injection 

modes were used.     In the interval between 300,000   to 170,000 ft.   the  liquid 

was injected at essentially constant,   relatively low flow rates,   while below 

the  170,000 ft.   leve1 a continuously increasing flow rate injection was used. 

The pulsed mode of injection not only reduced the amount of fluid required for 

the experiment,   but also made it possible to obtain some quantitative measure 

of the effectiveness of the alleviant over a wide range of conditions. 

A photograph of the assembled injection deck is shown in Fig.   34.    The 

liquid was carried in a stainless steel cylinder.     From  this reservoir two sep- 

arate branches of tubing led to two sets of injection orifices locited in a nozzle 

plate just above the transmitting test antenna (S/R   -   1.77).     The  low-flow- 

rate branch had two  .026 in.   diameter orifices,   while the  high-flow-rate in- 

jection was accomplished through six  .023 in.   diameter holes.     Injection was 

controlled by two solenoid valves with .032 in.   and  .093  in.   diameter open- 

ings for the low and the high flow branches respectively.     To avoid a possible 

clogging of the injection nozzles two 40 micron filters were included in the 

lines.     The  reservoir and the two tubes leading to the solenoid valves,   when 

properly filled,   could hold approximately 89cm    of the alleviant.     A  piston 

was  used to force the liquid from the cylinder into the lines and out of the 

orifices.     When the piston was moved back during the filling operation,   app- 
3 roximately 30cm    of air at atmospheric pressure was trapped in the space 

behind it.     This trapped air and the centrifugal force due to the spin of the 

vehicle supplied the drive to the piston during the high altitude experiment. 

At low altitudes,   where relatively high injection rates were  required,   com- 

pressed gas provided the driving force for the   piston.    The nitrogen gas com- 

prKssed at 3000 psi was contained in a 42.6 cm     explosively activated cylinder. 
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When released,   the gas passed through a regulator and the pressure was re- 

duced to a constant 550 psi.     To achieve the continuously increasing rate of 

liquid injection the pressure on the piston was built up gradually by allowing 

the gas to flow through a constriction in the line.     This constriction was 0.25 

inches long and had an inside diameter of 0.01  inches. 

The amount of liquid injected into the shock-ionized flow field was 

measured by monitoring the travel of the piston and by observing the pressure 

of the alleviant in the  cylinder as well as at the nozzle plate.     The miniature 

threaded,   bolt type pressure transducers were mounted directly into the walls 

of the containers.     The sensing surface (a stainless steel  diaphragm) had a 

Wheatstone bridge of silicon  resistors deposited by diffusion techniques.     The 

sensors located in the cylinder and in the high-flow-rate line were capable of 

500 psi full scale measurement,   while the sensor in the low-flow-rate line 

had only 50 psi  capability.     The movement of the piston was monitored by a 

3 in.   linear displacement transducer with a 0. 003 in.   resolution.     This high 

resolution was required to detect and measure the small amounts of fluid ex- 
3 

pended during each pulse  (approximately 0. 9 cm  ) in the  high altitude  portion 

of the experiment.     The output of the linear displacement transducer was 

transmitted in two parts.     A  high gain amplifier was used to process the sig- 

nal during the high altitude experiment.     When the motion of the piston be- 

came large during the high-flow-rate injection,   the amplifier output was 

clipped,   and the data were transmitted directly from the transducer on a dif- 

ferent telemetry channel.     The output signals from the pressure transducers 

were also processed by operational amplifiers connected into an instrument- 

ation amplifier configuration.     All of these transducer output signals were 

commutated at 90 samples per second for telemetry transmission. 

The control of the various pauses of the experiment was accomplished 

through timing and through detection of predetermined deceleration  levels.    In 

the  300, 000 to 275, 000 ft.   region,   where the high altitude experiment was to 

begin,   the electron density in the flow field could not be predicted with suf- 

ficient accuracy to be useful as the trigger mechanism to start the injection 

sequence.     Past performance records of the Tratlblazer II  vehicle indicated 

that the  time between the fourth stage ignition and the arrival of the nose 

cone at the 300, 000 ft.   level differed by not more than two seconds  regard- 

less of other variations in flight parameters.     Therefore a direct timing was 

chosen to start the high altitude  phase of the experiment.     The timers were 

to operate approximately 22 seconds after the iourth stage ignition.     The 

measured delay times before final assembly of the vehicle were 21. Si and 

21.8 seconds for the primary and the back-up circuits  respectively.     The 
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timers started the operation of the low-flow-rate solenoid valve.     During this 

high altitude portion of the experiment the valve was open for approximately 

250 msec once every second thus allowing the liquid to flow during three out 

of every twelve revolutions of the nose cone.    As a back-up for the timers, a 

sufficiently large output voltage of an electrostatic probe located near the test 

antennas was also able to start the experiment.     The override signal was set 

to correspond to an electron density encountered during normal flight near 
245,000 ft.   altitude. 

The start of the low altitude experiment was signaled by a closure of a 

2. 5 G acceleration switch.     This level was selected from the observations of 

the deceleration history and the encountered electron density by the nose cone 

of the AD21.862 vehicle.     The deceleration of 2.5 G's occurred at an approx- 

imate altitude of 170,000 ft.   where the plasma reached sufficient density for 

the high volume injection to begin.     A second G-switch operating independently 

in a parallel system served as a back-up trigger. 

Closure of a G-switch activated the pressure cylinder and at the same 

time started the operation of the high-flow-rate valve.     Therefore during the 

low altitude phase of the experiment the injection sequence was modified. 

The low  volume injection pulse was followed by a high volume pulse of equal 

duration (250 msec) and then both of the solenoid valves were closed for 500 

msec by electronic circuits. 

Redundant electronic control of the timing and injection system was 

used to minimize the possibility that a minor component or connection failure 

could completely destroy the experiment.     Since only a relatively short time 

reliability was necessary and the available space for the circuits was limited, 

dual circuit redundancy with a fault detector was used,   instead of the  more 

reliable series-shunt four element approach.     Even the dual  redundancy was 

somewhat compromised in that a failure of one of a few selected components 

would allow the low-flow-rate injection to operate prematurely.     Such an 

event would have more or less reduced the range of the experiment but would 

not have destroyed it completely.     Also the large mean time between failures 

(MTBF) of these few selected components made such a premature operation of 

the system a  very remote possibility. 

A general block diagram of the injection control is shown in Fig.   35. 

In the diagram the switches SI  and S2 were two separate DPDT normally open 

relays designed to operate under severe shock and acceleration conditions. 

The G-swithces identified as Gl and G2 were set to close at the 2.5 G de- 

celeration level and to open when the deceleration dropped below one G level. 

The SHORTS represent a shorting connector which was  removed upon the sep- 
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aration of the nose cone from the spent third stage motor.     These shorts 

prevented the operation of the timers,   disabled the firing circuits for the ex- 

plosively activated pressure cylinder and stopped the electrostatic probe sig- 

nals from triggering the low-flow-rate injection sequence. 

The signals from two of the electrostatic probes were able to start the 

injection experiment when a reasonable electron density was indicated.     This 

feature was introduced to assure that the injection of the alleviant would take 

place even if the 22 second timers failed to trigger the system.     This con- 

dition could occur if for some reason the fourth stage motor firing was de- 

layed (this firing was timed from the lift-off) and the reentry would begin 

sooner than anticipated.     Since no plasma was expected before reentry,   the 

short was there primarily to prevent the ES probe calibration sequence from 

introducing premature triggering. 

As soon as the power was applied to the payload the two valve driver 

circuits started operating (Fig.   36).     Two synchronized UJT clocks operated 

at 4 pps and triggered a two bit ripple counter.     The outputs of the counter 

were connected throughtthe diode AND gates to the valve driver transistors 

and produced the one second injection sequence.     The low and the high volume 

injection valve driver transistors were saturated sequentially for 250 msec 

each.     This was followed by a 500 msec pause when both transistors were 

OFF.     The turn-on time of the valves was approximately 3 msec,   but the 

ti rn-off time varied to some extent,   and in some instances could reach 20 

msec.     Therefore,   the valve ON-time was slightly longer than the 250 msec 

driving pulse and there was a slight overlap at the end of the low-flow-rate 

pulse when the high-flow-rate valve opened. 

When both relays (SI  and S2 in Fig.   35) were open the current through 

the valve solenoids was limited to a few milliamperes by the  10K resistors. 

This current was insufficient to operate the valves,   but provided the signals 

for the monitor circuit.     The monitor circuit (Fig.   37) received the switching 

signals directly from the solenoids (the valves and the control circuits were 

at different locations in the payload) differentiated them and periodically dis- 

charged the capacitor of the UJT delay circuit.     The arrangement was such 

that once every 500 msec a positive pulse appeared at the discharge transistor 

indica^'ig that a proper voltage change has occurred at one of the solenoid 

valves.     The UJT timer was set to trigger the SCR 600 msec after the last 

discharge of the capacitor.     Therefore,   if the voltage at either solenoid did 

not change in the proper direction within this interval»   the SCR was triggered 

and the relay S3 transferred the valve control to the secondary system. 

Since the binary counters of the two systems were also synchronized,   the 
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same sequence of valve operation was continued.     The two events monitored 

by the transfer circuit were the opening of the low-flow-rate valve and the 

closing of the high-flow-rate valve.     Therefore,   the most serious event that 

could have occurred during the injection sequence would have been the failure 

of the driver circuit to close the high-flow-rate valve.     In that case,   the loss 

of fluid through the valve before the switchover closed it would have  reduced 

by one the predicted number of injection pulses. 

In-flight system status information such as the operation of the valves 

and the closing of relays or G-switches was also provided by the monitor 

circuit.     The valve operation sequence was indicated by a three-level stepping 

voltage,   while the closing of switches,   first the  relays and later the G- 

switches,   added more DC bias to that voltage. 

When the spherical fourth stage motor fired it removed the shorting 

connector attached to the spent third stage of the vehicle.     This started the 

22 second timers by allowing the capacitor in the UJT circuit to charge (Fig. 

38).     When the transistor fired it activated the SCR and closed the switches 

SI  and S2.     The low-rate injection valve  received the full current and the 

high altitude experiment was underway.     Also the firing circuits for the  pres- 

sure  release became armed and ready to fire. 

At a deceleration level of 2. 5 G's the G-switches closed and activated 

the explosive valve releasing the compressed gas and applying pressure to the 

piston in the liquid tank.     The high-flow-rate valves also started operating at 

that time.     When the G-switches connected the supply voltage to the emitter 

of the series transistor (Fig.   39) the trigger circuits produced the  required 

2.5 ampere,   2 msec pulse to activate the  pressure  release valve.     This  cir- 

cuit was interposed between the battery and the valve to prevent a short cir- 

cuit,   which may have developed after explosion,   from discharging the battery. 

Additional protection was provided by the ten-ohm,   quarter-watt resistor in 

series with the igniter which limited the current and also served as a fuse. 
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CHAPTER V 

TELEMETRY SYSTEM 

The S-band PAM/FM/FM telemetry system (Fig.   9 and 10) operated 

at 2220.5 MHz.     Each of the four antennas radi ited slightly more than one 

watt of power.     They were located near the base of the nose cone to insure 

that the radiated signal attenuation by the plasma sheath was minimized.    The 

electron density at that location was considerably less than at the test antenna 

and therefore the telemetry signal continued to be received even after the 

test signal has been completely blacked out. 

During the AD21.862 flight the power to the antennas was supplied via 

a matched,   but unisolated,   four-way power divider.     This arrangement was 

quite satisfactory during the free space flight,   but during the reentry the 

power delivered to any antenna was a function of the relative magnitudes and 

phases of the reflected waves from other antennas.     This continuously chang- 

ing power distribution was evident from the incident power variations mon- 

itored by the  reflectometer at one of the antennas.     Undoubtedly this variation 

affected the antenna pattern and,   although it might not have degraded the sig- 

nal,   it certainly made the evaluation of the plasma effects on the telemetry 

signal more difficult.     Twenty-three dB isolation was provided for all four 

antennas on the A21. 011-1  flight. 

The combined radiation pattern of the four antennas exhibited four 

rather narrow but deep nulls which extended up to 24 dB below an average 

level.     The antenna patterns shown in Fig.   40 are for the 60° and the 70° 

look angles.     They illustrate the approximate signal strength variation that 

would be seen by the  receiving antennas in the absence of plasma over the 

reentry altitudes.     The look angles  represented in the plots are formed be- 

tween the roll axis of the nose cone and the central axis of the beam of the 

receiving antenna.     The angles along the horizontal axis of the plots  represent 

the rotation of the vehicle.     Since the predicted signal performance margin 

at the beginning of the reentry period varied from  35 dB for the Advanced 

Data Acquisition System to 25 dB for the Mobile Site,   the narrow nulls were 

not considered to present a serious threat to a good data  reception. 

The subcarrier and the commutator channel assignments for the two 

flights are given in Tables III and IV.     All commutated data associated with 

a direct measurement of the plasma parameters was sampled between 80 and 

120 times per second.     This ensured at least six data samples during one 

complete revolution of the reentering nose cone. 
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The commutator used to sample the various signals provided 28 pulse- 

amplitude-modulated (PAM) data channels and one synchronization pulse at the 

rate of 30 frames per second.     Some of the electrostatic probe data were 

also presented to the subcarriers in a commutator format having 28 channels 

and operating at a rate of 10 frames per second.     The output format used was 

the  return to zero,   50 percent   duty cycle with a full scale frame synchron- 

ization pulse and a one volt positive pedestal in each data channel.     The frame 

synchronization pulse occupied three segments and had a full scale amplitude 

of 5 volts.     Because the one volt positive pedestal was used for channel 

synchronization,   the commutated data was compressed.     An input data which 

varied between zero and five volts were represented in the output of the  com- 

mutator as a signal ranging from one to five volts.     Of course,   the compres- 

sion of the data was automatically removed during the decomrnutation process. 
19 A  standard IRIG proportional bandwidth subcarrier system was used. 

The voltage controlled subcarrier oscillators accepted signals from  zero to 

five volts which produced ±7.5 percent frequency deviation about their center 

frequencies.     To conserve space the oscillators were microminiature hybrids, 

also known as wafer oscillators.     One megahertz RF bandwidth was utilized 

for data transmission.     The total transmitter deviation was apportioned among 

the subcarriers according to the well known three-halves-power pre-emphasis 
20 setting. The deviation of the transmitter by the lower frequency subcarriers 

was somewhat increased from the calculated values to overcome any incidental 

frequency modulation which may have been present in the carrier. 
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CHAPTER VI 

PERFORMANCE AND DATA 

Telemetry records in licate that in general the vehicles and the instru- 

ments performed well during both flights.     The AD21.862 vehicle functioned 

within the predicted performance limits and reached the  18,000 ft/sec reentry 

velocity.     The flight pattern of A21. 011-1  rocket deviated somewhat from the 

nominal performance parameters.     The nose cone  reentered at slightly shal- 

lower angle than expected and developed a peak velocity of only  16,200 ft/sec. 

For this  reason the vehicle  not only survived the  reentry but also  remained 

in the region of plasma densities,   which m the  records of the previous flights 

could be observed only as very brief transitions.     Also the telemetry signal 

was  received without interruption throughout this flight.     Time measured from 

lift-off and the corresponding altitudes for the two vehicles over the  reentry 

range are given in table V. 

A.     AD21.862 

Shortly after lift-off of the  AD21.8G2  vehicle  the  Advanced Data  Ac- 

quisition System  (ADAS) of the Wallops Station experienced a  breakdown and 

lost the telemetry signal.     Also the main back-up receiving station  located 

down-range in the  Coquina  Beach,   Va.   area  had some difficulties with the 

receiving equipment and produced a  rather noisy signal.     The  loss of the two 

main receiving sites left only the  van at the Wallops  Station to  receive  the 

telemetry signals.     This resulted in an  18dB reduction of the expected  carrier 

to noise  ratio.     Combination of this  reduced performance  margin and  the 

variation in the transmitted  signal  strength due to the  nulls  in the antenna 

pattern  produced a considerable number of clicks in the  telemetry data  through- 

out the flight.     The noise generated clicks  became  more  numerous  during  re- 

entry and are clearly visible in the data obtained from  the  TM   reflectometer 

shown in Fig.   41.     In  both of the  records  reproduced  in that  figure  zero dB 

refers to the  TM   incident power level at the antenna  under free-space condi- 

tions. 

The fine structure visible in the  reflected as well as in the incident 

power of the  TM  antenna was caused by the  rotation of the nose cone.     Since 

the nose cone reentered the atmosphere at an angle of attack different from 

zero the  plasma density around the vehicle varied considerably.     This plasma 

density variation produced continuously changing reflection coefficient at the 
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antenna and thus the cyclic variation in the reflected power.     Superimposed 

upon the variations caused by the antenna reflection coefficient are the changes 

in the incident power.     These incident power variations were caused by a re- 

distribution of the power within the four-way power divider.     As was mentioned 

earlier in the  report,   three branches of this divider were unprotected against 

reflected power.     The variations in the magnitude and the phase of the reflected 

waves from the three antennas produced complex impedance changes at the 

divider junctions affecting the power distribution.     Incident power variations 

in excess of 10 dB occurred between 411  and 412 seconds after lift-off.     In the 

same altitude region between 70 and 80 percent of the incident power was  re- 

flected resulting in an approximate  10 dB reduction of the radiated power from 

that antenna.     A  burst of noise may be observed just before 413th second 

marker.     At that point AGC records of the receiver indicated that the average 

signal attenuation reached approximately 20 dB below the free-space level 

measured just before the beginning of the  reentry period.     Extraction of any 

useful information from the TM  records after this time becomes rather dif- 

ficult. 

The behavior of the test signal during reentry may be observed in Fig. 

42 where the telemetry records of the reflected and the coupled power are 

shown.     Since the transmitter was protected by the circulator of the reflecto- 

meter,   the incident power remained constant throughout the flight.     In the  re- 

flected power record the dB scale is once again referred to the free-space 

incident power level,   while the scale on the two coupled signal traces is  re- 

ferenced to the coupled signal level under free-space conditions.     As can be 

observed there was some increase in the coupled power at the beginning of the 

reentry period.     In less than a second both coupled signal amplifiers bottomed 

indicating that the received power decreased by more than 25 dB which in- 

cluded a  10 dB contribution by the decrease in the  radiated power of the test 

antenna.     Thus the mutual coupling between the two test antennas decreased 

more than  15 dB.     Once again a considerable number of noise clicks become 

evident in the records as the plasma density increased during the  reentry. 

The data obtained from  the stripline probe indicates that the transmitted 

as well as the reflected signals varied over a greater range than expected. 

It may be observed in Fig.   43 that there was a slight increase in the trans- 

mitted signal at the very beginning of the reaction period while the reflected 

power remained constant.     Following this brief interval there appears to be a 

break-up of the signal.     This was the result of insufficient sampling rate of 

the signals (120 samples/sec) by the commutator during the rapid build-up of 

plasma at the probe.     Finally the transmitted power decreased below the 
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range of the signal conditioning amplifier and remained there until the loss of 

the sign-*1      The reflected power decreased as expected and produced cyclic 

variations where the return loss first ranged from  13 to 7.5 dB and then sta- 

bilized in the  10 to 7.5 dB range.     The rather erratic signal near the end of 

the trace was caused by noise in the signal being decommutated. 

The electrostatic probe data taken during the  reentry period of vehicle 

AD21.862 is displayed in Fig.'s 44-47.     The data is  presented as probe cur- 

rent plotted versus time from rocket lift-off.     Fig.   44 displays the behavior 

of the fixed bias positive ion collecting electrostatic probe located at the nose 

cone stagnation point (refer to Table I for probe locations).     As can be seen 

at 407 seconds the probe current  started increasing in a smooth continuous 

manner and by 410 seconds  it had  reached its maximum  value.     At 412  seconds 

some noise in the system became apparent and by 414  seconds the noise had 

increased to such an extent that no usable data  could be extracted from  the 

records. 

The behavior of the fixed bias electron collecting electrostatic probe 

located at S/R = 2. 58 is displayed  in Fig.   46.     Since the  probe is not located 

at   die stagnation point  sinusoidal modulation caused by the  spin of the vehicle 

appears  superimposed upon the probe current  build up.     The probe current  is 

larger on the windward side of the vehicle where the  plasma density is great- 

est and smaller on the  leeward side where the  plasma  density is a minimum. 

It should be pointed out that most of the electrostatic  probe data was commu- 

tated.   resulting in the staircase effect seen in the TM  data.     The average 

probe current increased in a manner similar to that of the probe located at 

the stagnation point. 

Fig.   47 presents the  positive ion current data for the  variable bias 

electrostatic probe located at S/R = .475.     Three graphs are used to present 

probe currents for each of the three bias levels.     As was expected the  probe 

currents of the higher voltage bias levels were  larger and appeared slightly 

before those of the lower voltage  bias.     At approximately 409. 5 seconds the 

15 V and 30V bias data become very erratic due to a faulty ground station 

decommutator.     Since at that  time it was not possible  to  remake the  strip 

charts using another decommutator the data is presented here with the envelope 

of the  correct data shown with dashed lines.     The corrected data were obtained 

from  other records which due  to different processing and stale could not  be 

reproduced in this  report. 
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B.     A21,011-1 

The liquid injection system performed well.     Timers initiated the high 

altitude experiment at an approximate altitude of 280,000 ft.,   21. c, seconds 

after the fourth stage ignition.     Seven low volume pulses of Freon 114B2 were 

injected before the pressurization of the fluid reservoir occurred.     The first 

of the five high volume injection pulses occurred at approximately 160,000 ft. 

and the fluid was expended at approximately 88, 000 ft.     The telemetry records 

of the pressure build-up and the output of the linear displacement transducer 

monitoring the piston movement in the cylinder are presented in Fig.   48.     As 

previously described,   the valves in the low-flow-rate branch ^ind the high-flow- 

rate branch of the injection system were opened consecutively for 250 msec. 

The outputs of the pressure sensors monitoring the injection nozzles show that 

the pressure build-up did not occur at the start of the valve opening.     During 

the first three injection pulses the waveform from the pressure sensor at the 

low-flow-rate nozzles showed a very gradual increase in pressure when the 

valve was open.     Also the pressure increase at the  high-flow-rate nozzles 

exhibited a considerable delay which is evident from the width of the output 

waveforms when compared with the 250 msec duration when the valves were 

open.     This suggests that a considerable boil-off of the liquid trapped in the 

tubing between the valves and the nozzles occurred during periods when the 

valves were shut.     Therefore each time the valves opened the tubing had to be 

refilled before the pressure at the nozzles  reached the steady state level.     As 

the pressure on the liquid in the reservoir increased the tubing was refilled 

faster, as indicated by the wider pressure pulses in the TM  records.     This 

boil-off process,   which may be regarded as a continuous low  volume injection, 

must be considered when viewing the data obtained from  the microwave exper- 

im »nts and the electrostatic probes. 

The  reproduction of the A21. 011-1  flight telemetry records obtained 

from the test  signal reflectometer,   the mutual  coupling instrument and the TM 

reflectometer are  shown in Fig.   49,     Pressurization of the liquid in the  reser- 

voir is marked by letter  P.     The  staircase waveform  indicates the injection 

sequence.     The low level  signifies the period when both of the solenoid valves 

were closed,   the middle step shows when the low-flow-rate valve was open and 

the upper step indicates the high-flow-rate valve operation.     Since the incident 

power of the telemetry and the test signals were  relatively constant throughout 

the  reentry period,     the  records of these two signals ; re not shown. 

Isolation of all four telemetry antennas on this flight produced a rela- 

tively simple reflected power pattern. The records show the familiar cyclic 

variation due  to the non-zero angle of attack of the reentering and  rotating 
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nose cone.     It should be noted that the reflected power returned to the free-space 

condition during each rotation period indicating lower plasma density than usual. 

Also there appeared a secondary increase in the reflected power on the side 

of the main cycle when in general the reflection was decreasing.     This par- 

ticular portion of the  cycle was very susceptible to the injection of the liquid. 

Even during the first low-flow-rate injection pulse after the prsssurization, 

this secondary reflection was drastically reduced and remained near free-space 

level for the rest of the reentry period.     The main reflection cycle does not 

appear to have been altered by the injection. 

The alleviant significantly affected the mutual coupling between the two 

test antennas,   while the influence on the reflected power was  not as pronounced. 

The high volume injection considerably increased the lower levels of the 

coupled power in each cycle,   but the higher levels were less affected.     Also 

the small secondary changes modifying the main coupled power cycle before 

pressurization of the liquid,   became more visible after the pressure was ap- 

plied.     Eventually,   as the reentry progressed,   the coupled power started vary- 

ing at twice the  spin  rate of the nose cone.     Similar occurrences of the double 

frequency may be observed in the waveforms obtained from the lour probe 

field meter shown in Fig.   50.     The effects of the alleviant on the amplitudes 

of the waveforms,   which depend not only on the phase but also on the mag- 

nitude of the reflected waves are clearly visible in the display.    Unfortunately 

the phase variation of the  reflected wave can not be shown without further 

datr   reduction. 

The electrostatic probe data for vehicle A21. 011-1  is displayed in Fig. 's 

51-53.     Fig.'s 51a and b present the probe current data for the two S/R = 4.4 

electron collecting fixed bias probes  located at 8 = 52.5   and  £ = 142.5    res- 

pectively (refer to Table II for locations).     The  reaction of both probes to the 

low-flow-rate injection pulses of Freon  114B2 can be seen up until 412.2 

seconds.     The injected pulses of alleviant cause severe  reduction in probe 

currents on the  leeward side of the  vehicle.     The  probe  located below  the in- 

jection nozzle (Fig.   51) has a large and a continuous  reduction in prol* cut— 
o rent.     The probe located 90    away shows a distinctive  reaction to each in- 

jection pulse.     The high-flaw-rate injection pulses  start at 412.2 seconds, 

causing both probes to have their leeward side currents  reduced almost  con- 

tinuously. 
Kig.   51c displays the probe current  data for the electron collecting 

fixed bias  probe  located at S/R-2,4.     Again the effects of both the low and 

the  high-flow-rate injection pulses can be seen.     Due to the previously dis- 

cussed decommutator problem  the upper side of the data envelope was deter- 
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mined from other records and is shown with a dashed line. 

Two variable bias electrostatic probes were located between the two 

test antennas directly below the injection nozzles.    One probe collected electrons 

(Fig.   52) and the other collected positive ions (Fig.   53).     The electron col- 

lecting probe currents were severely reduced by the injected alleviant,   es- 

pecially at the 5 V bias level.     The positive ion collecting probe currents were 

reduced to some extent and the 5 V level data was delayed in a manner similar 

to that of the previous flight.     The large reduction in  electron current was 

expected because of the electrophilic    fluid injected into the flow field.     The 

electrons in the plasma became attached to the molecules of the injected fluid 

causing a decrease in the free electron density with no appreciable decrease in 

the ion density.     The positive ion current is reduced to some extent through 

recombination of positive ions with electrons on the surface of the injectant 

droplets.     At no time was there sufficient injectant introduced to cool the 

plasma and thereby reduce the ion density. 
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No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

!4 

15 

10 

Electrostatic probe. 

Electrostatic probe. 

Thermocouple. 

Thermocouple. 

Test antenna, 

Stripline  probe. 

Thermocouple. 

Conductivity probe. 

Thermocouple. 

Test antenna. 

Electrostatic probe. 

Electrostatic probe. 

Telemetry antenna. 

Telemetry antenna. 

Telemetry antenna. 

Telemetry antenna. 

Device 

Fixed negative  bias. 

Switchable  negative  bias. 

ES probe temperature. 

Skin temperature. 

Transmitting. 

S/R 

0 

. 475 

. 475 

. 475 

1. 84 

Skin  temperature. 

In conductivity probe. 

Receiving. 

Fixed  positive bias. 

Switchable negative  bias. 

H4 

84 

!4 

84 

30 

4. „., 

4. 35 

4. 35 

NA 

52. 5 

23: 

-o 

D 

258. 5 
-.,   . o 

-O 

22'i. 5 

300. -)l 

322. 5( 

322. 5l 

o 

;>2. 5 

48. 0 ,o 

57. 0 

37. 0 

,<> 

o 

127. 0l 

217. 0c; 

307. ()l 

TABLE I.     ANTENNA  AND  PROBE  LOCATIONS.     AD21.8..2 
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No Device S/R 

1 Injection nozzles. 

2 Electrostatic  probe. 

3 Test antenna. 

4 Electrostatic probe. 

5 Electrostatic probe. 

(> Electrostatic probe. 

7 Test antenna. 

8 Telemetry antenna. 

9 Electrostatic  probe. 

10 Telemetry antenna. 

11 Electrostatic  probe. 

12 Telemetry antenna. 

13 Telemetry antenna. 

Fixed negative bias. 

Transmitting. 

Fixed positive bias. 

Switchable positive  bias. 

Switchable negative  bias. 

Receiving. 

Fixed positive  bias. 

Fixed positive  bias. 

1. 77 ;>2. ,T 

1. 77 322.5° 

2. 09 52.5° 

2. 4 7.5° 

2 4 4». 0° 

2 4 :i i. 0 

2. 71 ,-)2. ."i 

4 4 37.0° 

4 4 52.5° 

4 4 127.0° 

4. 4 142.5° 

4 4 217.0° 

4. 4 307. 0° 

TABLE II.     ANTENNA AND  PROBE  LOCATIONS.     A21. 011-1 
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SUBCARRIERS 

Band Center Frequency                            Data Description 

8 3. 0 kHz Positive ion current.     S/R   -   0. 

9 3. 9 kHz Reflected power Test antenna. 

10 5. 4 kHz Coupled power. High level signal. 

11 7. 35 kHz Coupled power. Low level signal. 

12 10 5 kHz Incident power. Telemetry antenna. 

13 14 5 kHz Reflected power Telemetry antenna. 

14 22 0 kHz Coil  1  output. Conductivity probe. 

16 40 0 kHz Coil 2 output. Conductivity probe. 

17 52 5 kHz Positive ion  current.    Switchable,S/R-.475 

18 70 0 kHz Positive ion  current.    Switchable. S/R-2.58 

20 124. 0 kHs Commutator. 

COMMUTATOR 

Channel s Data Description 

1 Zero data  calibration. 

2 Full  scale data calibration. 

3-11 -18 -26 Electron current. S/R -   2. 58. 

4 -12 -19 -27 Reflected power. Stripline   probe. 

5-13 -20 -28 Transmitted power. Stripline   probe. 

6 -21 Temperature. ES  probe.      S/R -  . 475. 

7 Temperature. Skin.     S/R  -   . 475. 

8 Incident power. Test antenna. 

9 Vehicle motion. 50 C accelerometer. 

10 Battery voltage. Test  supply. 

14 Temperature. Conductivity probe. 

15 Temperature. r-kin.      S/R   =■   1.84. 

IB Incident power. Stripline   probe. 

17 Battery voltage. Telemetry supply. 

22 Frequency change. Conductivity   probe. 

23 Temperature. Payload mounting plate. 

24 Vehicle motion. 5 C accelerometer. 

25 Temperature. Inner surface of nose cone 

TABLE III.     TELEMETRY  CHANNEL ASSIGNMENT.     AD21.862 
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SUBCARRIERS 

Band        Center Frequency 

9 3. 9 kHz 

10 5. 4 kHz 

11 7.35 kHz 

12 10.5 kHz 

13 14. 5 kHz 

14 22. 0 kHz 

16 40. 0 kHz 

17 52. 5 kHz 

18 70. 0 kHz 

19 93.0 kHz 

20 124.0 kHz 

Data 

Reflected power. 

Coupled power. 

Reflected power. 

Probe 4 output. 

Probe 3 output. 

Probe 2 output. 

Probe 1 output. 

Electron current. 

Electron current. 

Positive ion  current. 

Commutator 

Description 

Telemetry antenna. 

Test antennas. 

Test antenna. 

Field meter. 

Field meter. 

Field meter. 

Field meter. 

Commutated 

probes at S/R - 4. 4. 

Switchable. S/R - 2.4. 

Switchable.  S/R = 2.4. 

COMMUTATOR 

Channels Data 

1 Zero data  calibration. 

2 Full scale data calibration. 

3-11 -18 -26 Positive  ion current. 

4-12 -19 -27 Electron current. 

5-13 -22 Pressure. 

6-14-23 Pressure. 

7 -15-24 Pressure. 

8 -16-25 Injected volume. 

9-17-28 Injected volume. 

10 Vehicle motion. 

20 Injection sequence monitor. 

21 Incident power. 

Description 

S/R   --   1. 77. 

S/R   -   2.4. 

Low   rate  injection  nozzle. 

Reservoir. 

High  rate  injection  nozzle. 

High altitude experiment. 

Low  altitude experiment. 

50 G accelerometer. 

Test antenna. 

TABLE IV.     TELEMETRY CHANNEL ASSIGNMENT.   A21.0U1 

38 

I 

L 
^^sameammmmmaammäia^ Mai mmmmmim 



MMrtMiiiriit* «aittawa 

Vehicle 

Time From Lift-off (sec) 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

AD21 .862 A21 011-1 

Altitude (ft) V elocity (ft/sec) Altitude (ft) 

307,494 

Velocity (ft/sec) 

16,116 

292,050 16,136 

305,058 17,823 276,580 16,166 

287,420 17,859 261,071 16,195 

269,750 17,899 245,532 16,214 

252,048 17,930 229,978 16,226 

;     234,814 17,965 214.406 16,235 

216,547 17,965 198,816 16,240 

j     189,913 17,940 183,224 16,219 

!     181,529 17,880 167,670 16,137 

I     164,545 17,800 152,203 15,008 

148,683 17,500 136,896 15,764 

121,906 15,298 

107,504 14,489 
i 

94,089 13,186 

82,185 11,342 

■ 
72,230 9, 184 

64,320 7, 096 

TABLE V.     REENTRY  PARAMETERS 
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Fig.   1     TRAILBLA7.Ee  II  ROCKET 

Velocity 
Package 

X-248 
Motor 

15" Spherical 
Motor 

Payload 
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4) 

3 " Stage Ignition 
330.0 Sec. 

rd Stage Burn 
Out 369.3 Sec. 

4     Stage Burn 
Out    384.8 Sec. 

Payload Begins 
Reentry 402.0 Sec. 

0.1 0.2 0.3  0.4  0.5   0.6  0.7  0.8  0.9 

Horizontal  Range  (Feet x  10  ) 

Fig. 2      TRAJECTORY AND STAGING 

30C 

250 

200 

0) 
"O 

S   150 

100 

50 J L J I I I L 
6       8      10    12     14     16     18    20 

Velocity (kl't/sec) 

Fig. 3        REENTRY VELOCITY 

41 



0i^Mh^A^. ■- 

Fig.   4    NOSE CONE A21. 011-1 

P»y!o«d 

Taper** Box 

Fig.   5    NOSE CONE CONFIGURATION 
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Fig.   6    FORWARD SECTION OF A21.011-1   PAYLOAD 

Fig.   7    TAPERED  BOXES 
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Commutator 

PWR 
Divider 

A \J 

—* VCO's 
A 
sj 

A \l 
TM 

Transmitter TM Antennas 

'' 

Signal 
Conditioning 

r A Reflectometer N 

Test 
Transmitter 

Reflectometer A 
Test 

Antennas 

Signal 
Conditioning 

«•—I Coupled   PWR 
Detector 

A sj 

Signal 
Conditioning 

Stripline 
Probe Ass'y 

Bias Ckt's 
Electrostatic 

Probe x4 

Conductivity 
Probe 

Accelerome'cer 
& Other Ckt's Pnu/Pr   nictri hntir 

t 1 t   t 
Battery 

& Relay 
Battery 

& Relay 

'| I External  Power 

&  Control 

Fig.   9     BLOCK  DIAGRAM OF  AD21.862 INSTRUMENTATION 
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Commutator 

VCO's 

Inputs 

TM 
Transmitter 

Isolator -0 

Isolator —sj TM 
Antennas 

PWR 
Divider 

To VCO's Signal 
Conditioning 

Isolator 
-< 

W Reflectometer ~<J 

Test I" 
Transmicter j Reflectometer Field  Meter      /] 

—j j    N Test 
Antennas 

To VCO's Signal 
Conditioning 

Coupled  PWR 
Detector J-< 

To Commutator 

&  VCO's 

To Commutator 

Bias Ckt's Electrostatic 
Probes x6 

Injection 
Control 

:=r T 

Gas Cylinder Fluid 
Reservoir 

High Flow 
Valve 

Low Flow 
Valve 

To Commutator & VCO's Injection Signalf»- 
Conditioning 

Accelerometer 

Injection 
Plate 

l_i 
Battery 
&  Relay 

L 

J_i 
Battery 
«ä Relay 

I External  Power 

& Control 

Fig. 10      BLOCK DIAGRAM OF A21. 011-1  INSTRUMENTATION 
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Trans- 
mitter 

Directional 
Coupler 

Circulator 
1 

3        2 

<' " 

Amplifier Detector Attenuator 

' 

Amplifier Detector 

Antennas 

Y       Y     Attenu ator Detector 

Amplifier 

Fig. 11    S-BAND EXPERIMENT  r,OCK  DIAGRAM 

c 
<a 
v 
u 
m 

[-■ 

u 
0 u 
u 

0 1     -2     .3     .4     .5     .6     .7     .3     .9     1.0 

Fig.  12   ERROR IN MEASURED REFLECTION COEFFICIENT 
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i    ft 
Reference Point 

Source 

.,, 

1 
f cp2. 

Ant. 

V 
k—^4 —*( 

12       3       4 
Probes 

FIG.   13 FOUR  PROBE FIELD METER 

Input 
•  

1. 5K 

1000 pF  JL.       < 1K 

Output 

5K 

Fig. 14    PROBE SIGNAL AMPLIFIER 
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Fig.  15   ERROR IN  MEASURED  PHASE  ANGLE 

30 

C 
V 
CJ 
s* 

IX 

c    20 
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u 
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3 
§ 

10 

.2 . 8 1.0 

Fig.   IB    ERROR IN  MEASURED MAGNITUDE OF  REFLECTION   COKKI1CIFV 
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-15V 

Output 

1N4148 

Fig. 17   COUPLED SIGNAL AMPLIFIER 

Lava 
Insulating Sleeve 

Gold-plated 
Copper 

Electrode 

Dielectric 
Washer 

Aluminum 
Body 

Fig  18    FLl'SHMOUNTED ELECTROSTATIC   PROBE CONFIGURATION 
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Fig.    19     DUAL  ELECTROSTATIC   PROBE   ELECTRONICS 

27V 

Probe 

C'al. 

dc-dc 

Converter 

Floating 
15V 

Supply 

Calibrate 
Control 

-> 
i 1 5 V 

Regulator 

Log 
Amplifier 

Out 
Amplifier Output 

Fig.  20   FIXED  BIAS ELECTROSTATIC   PROBE 
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IN4148 

UUA35J1 

5K Thermistor 

—KwO  

A/W—• AAAr 
6.8K 3K 

Output 

*  -  Selected 

Fig. 21    LOG AMPLIFIER 

10   ' 10 " 10 " 
Input Current (amperes) 

10 

Fig. 22   TYPICAL LOG  AMPLIFIER CHARACTEKISTIC 
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30K 
S w i t c ha ble /^""s. 

Bias    /        \ 
Supply I J 

Fig. 24   STEADY STATE RESTORATION CIRCUIT 

*        T    T 

1.2K 

35V 
Norn. 

+V      +V 

V R 

HA723 

cc 
V 

CL 

CS 

I NI 

-V f 

»3.3K 

•4- 

- 2N 5 2N2243 

R_ 

V Out 

X 330pF 

R Current Limit c  - 

*     -    Selected 

0      • 

30V Control 

12K 

Fig. 2 5   SWITCHABLE  POSITIVE VOLTAGE  REGULATOR 
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R - Current Limit c 

*   - Selected 

GND (+ V Out) 

+ 15V 
12K     Control 

Fig. 26   SWITCHABLE NEGATIVE VOLTAGE REGULATOR 
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Switchable 
Bias Supply 

82. 5K 

4.3K 

■20K 

100K 
-VW- 

Data Input 

1N4148 

1N753 

■w- 

S I51 

Output 

K 

15. 8K 

82. 5K    2K 

Fig. 27   COMMON MODE REJECTION CIRCUIT 
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1 vF-r~„ 
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Output 

Fig. 28    LOGIC CLOCK 

5« 



•Mmim^mmmt :;,>,y=:^^v^'%^j:.^:-.-Ö,«wi«^(«»i**4!ä,fi£#f-;'- 

< 

O 
h 
< 

s 
c 
ü 

s 
< 

er 

Si 



J 

1 

jiu-TLrL.. .JTJT. 
Simulated Commutator Output 

5V Reference Control Signal   (Y2) 

n 
OV Reference Control Signal   (Y„) 

■ •      •   • 

Data Control Signal     (y ) 

RZ Control Signal   (y ) 

5V 

30V 

15V 
J •     •   • i 1 

Switchable Bias Levels 

Fig. 30   SIMULATED COMMUTATOR WAVEFORMS 
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Stripline    Probe 

I 
RF 

Amplifier 
Detector Amplifier 
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400 MHz 
Oscillator 

Directional 
Coupler 
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Circulator 
1                3 

Detector 
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11 i r 

Detector Amnlifier n'"F 

Fig.  32   STRIPLINE  BLOCK  DIAGRAM 
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Fig- 33 STRIPUNE SIGNAL AMPLIFIER 
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Fig.   34    CHEMICAL  INJECTION   I)F;CK 
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Fig. 38   TIMING AND SI  CONTROL CIRCUIT 
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